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SPECIALIZED VARIETIES OF PUCCINIA GLUMARUM, 
AND HOSTS FOR VARIETY TRITICI! 


By CHARLES W. HuNGERFORD,? Agent, Office of Cereal Investigations, Bureau of Plant 
Industry, and Plant Pathologist of the Idaho Agricultural Experiment Station, and 
C. E. Owens, Associate Professor of Botany and Plant Pathology, Oregon Agricul- 
tural College, and formerly Assistant Pathologist, Office of Cereal Investigations, Bureau 
of Plant Industry, United States Department of Agriculture 


INTRODUCTION 


Since the discovery of stripe rust in the United States, in 1915, a 
systematic study of the disease has been conducted by the Office of 
Cereal Investigations of the Bureau of Plant Industry, United States 
Department of Agriculture, in cooperation with the Oregon Agricultural 
Experiment Station, and, later, with the Idaho Agricultural Experiment 
Station. This paper is the third of a series of contributions to our 
knowledge of stripe rust in the United States. Former papers (2, 1ro)* 
have dealt with the economic importance and geographical distribution 
of the disease and with the life history, taxonomy, and morphology of 
the causative organism. This paper will deal with the known hosts 
of the rust, our present knowledge of its specialized varieties, and with 
the comparative susceptibility of certain wheat varieties to Puccinia 
glumarum tritici Erikss. & Henn., as indicated by field and greenhouse 
experiments. 

HOSTS 


Eriksson (4), in his original report upon Puccinia glumarum, when it 
was separated from the now obsolete Puccinia rubigo-vera (DC.) Wint., 
named wheat, barley, rye, Elymus arenarius, and Agropyron repens as 
hosts for the new form. Saccardo (16, p. 380) lists the following hosts: 
Brachypodium silvaticum, Bromus mollis, Calamagrostis epigeios, Hor- 
deum vulgare, Secale cereale, Triticum caninum, T. compactum, T. dicoccum, 
T. desertorum, T. distichon, T. durum, T. giganteum, T. polonicum, 
T. repens. Hecke (7) reports the unpublished work of K. Barfus in 
which he lists Dactylis glomerata as an additional host. 





1 Accepted for publication May 2, 1923. The investigations upon which this paper is based were con- 
ducted cooperatively by the Office of Cereal Investigations, Bureau of Plant Industry, U. S. Department 
of A iculture, and the Oregon and Idaho Agricultural Experiment Stations. 
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Stripe rust has been found in the western part of the United States on 
wheat, barley, rye, spelt, and emmer in the field, and upon 33 wild grasses. 
The wild grass hosts found naturally infected include seven species 
of Agropyron: A. spicatuwm (Pursh) Scribn. & Smith, A. cristatwm (L.) 
Gaertn., A. dasystachyum (Hook.) Scribn., A. intermedium (Host) Beauv., 
A. violaceum (Hornem.) Lange, A. /anceolatum Scribn. & Smith; eight 
species of Bromus: B. marginatus Nees, B. pacificus Shear, B. sttchensis 
Trin., B. carinatus Hook. & Arn., B. carinatus hookerianus (Thurb.) 
Shear, B. rubens L., B. brizaeformis Fisch. & Mey., and B. polyanthus 
Scribn.; six species of Elymus: E. canadensis L., E. condensatus Presl, 
E. glaucus Buckl., E. macounw Vasey, E. striatus Willd., and E. virgin- 
icus L.; six species of Hordeum: H. jubatum L., H. gussoneanum Parl., 
H. murinum 1., H. nodosum L., H. pusillum Nutt., and H. caespitosum 
Scribn.; two species of Hystrix: H..patula Moench., and H. californica 
(Boland.) Kuntze; three species of Sitanion: S. jubatum J. G. Smith, S. 
hystrix (Nutt.) J. G. Smith, and S. longifolium J. G. Smith; one species 
of Phalaris, P. paradoxa L., and one wild species of Triticum, T. aegilops 
Beauv. 

The rust has been found on wheat in nearly all the western States, but 
has been reported on barley from only four districts, viz: Eastern Wash- 
ington, eastern Oregon, western South Dakota, and central California. 
Only three collections have been made on rye, these being from 
northern Idaho, eastern Oregon, and western Oregon. The possible 
significance of the limited distribution of the rust on the last-named 
hosts will be discussed later. 

The occurrence of stripe rust on Bromus marginatus, Elymus canadensis, 
E. glaucus, Hordeum nodosum and H. jubatum has been found to be 
quite general within the known geographic limits of the various grasses 
and of the parasite. Hordewm murinum was very generally infected in 
1917 and in 1922 in the lower coast district of California, but has never 
been found so infected in other sections of the Pacific Coast where this 
host commonly occurs and where the rust has been present on other 
grasses. The collections on other hosts have been few in number and 
indicate that they are not as common hosts for the disease as the others 
already mentioned. In some cases, at least, they are more limited in 
their distribution. 

As will be shown in a forthcoming paper of this series of studies,‘ a num- 
ber of collections of stripe rust had been made prior to May, 1915, when 
stripe rust was first recognized in the United States. These had been 
identified as several other rusts. Among these collections appear two 
hosts which have not been found naturally infected since that time. 
They are Bromus carinatus hookerianus (Thurb.) Shear, and Sitanion 
longtfolium J. G. Smith. 

The variety peculiar to wheat, Puccinia glumarum tritici Erikss. and 
Henn., has been found capable of infecting the following additional hosts 
when inoculations were made in the greenhouse: Agropyron tenerum Vas., 
and A.smithit Rydb.; Bromus hordeaceus L., B. inermis Leyss., B. commu- 
tatus Schrad., B. sterilis L., B. tectorum L., B. rigidus Roth, and B. ciliatus 
L.; Elymus australis Scribn. and Ball, and E. robustus Scribn. and Smith. 
A detailed discussion of the methods used and the results obtained in 
connection with the above determinations will be given later under the 
discussion of specialized races of P. glumarum. 





4In manuscript. 
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Since the completion of the foregoing studies, headquarters for the 
investigations on stripe rust have been transferred from Corvallis, Oreg., 
to Moscow, Idaho, and the research is now being carried on by the senior 
author and Mr. J. M. Raeder. Since the transfer, the following addi- 
tional hosts for Puccinia glumarum tritici have been determined by green- 
house inoculation: A gropyron tenerum longifolium Scribn. and Smith., A. 
acutum (DC.) Roem. and Schult., Bromus purgans latiglumis (Scribn.) 
Shear, B. lanuginosus Poir., B. erectus Huds., B. macrostachys Desf., B. 
rigidus Roth, B. frondosus (Shear) Woot. and Standl., B. richardsonii 
Link, B. adoensis Hochst., Hordeum maritimum Roth, H. bulbosum L., 
Phalaris canariensis 1,., and Sitanion hystrix (Nutt.) J. G. S. The 
grasses in this list, with those listed previously, comprise fifty-nine 
species of common wild grasses which are known to be hosts for stripe 
rust as it occurs in the United States. Thirty-three of these have been 
found naturally infected, and twenty-six of them determined by artificial 
inoculation with P. glumarum tritici. Doubtless other hosts will be 
added to this list as our knowledge of this rust becomes more complete. 


SPECIALIZED VARIETIES 


Eriksson (4) named five specialized varieties of Puccinia glumarum, 
based on inoculation experiments carried on by him. These were 
P. glumarum tritict on wheat, P. glumarum hordei on barley, P. glumarum 
secale on rye, P. glumarum elymi on Elymus arenarius and P. glumarum 
agropyri on A. repens. He states that the varieties on wheat and barley 
appear to be sharply fixed (scharf fixiert); that is, he could not secure 
infection upon barley or rye with the variety éritici, or upon wheat or 
rye with the variety hordei. The variety secale appeared to be less sharply 
fixed, since he secured slight infection upon wheat inoculated with this 
variety. He considered that he might have had a mixed culture in the 
latter case. Neither of the varieties on Agropyron repens and on Elymus 
arenarius would infect wheat, barley, or rye, nor was he able in either 
case to reinfect the original host. 

It appears then that Eriksson had good evidence for establishing the 
varieties P. glumarum tritici and P. glumarum hordei, but there is some 
question as to the evidence in the case of the other three varieties. 

In the field survey for stripe rust, conducted by the writers, an attempt 
has been made to record not only the name and location of infected 
hosts but also the name of other near-by grasses and cereals. It was 
thought that these notes might furnish valuable data regarding the 
spread of the rust from host to host in the field and also supplement the 
study on specialized varieties being conducted in the greenhouse. 

As stated above, Hordeum jubatum and Bromus marginatus are two of 
the most common hosts for P. glumarum in the northwestern States. 
Wherever these two grasses have been found growing near each other, if 
one was infected, the other usually was infected also. With few excep- 
tions, wherever infection was common on either of these two wild hosts, 
stripe rust could be found also on wheat if plants of a susceptible variety 
could be found growing near by. This also was true to a more limited 
extent of Elymus glaucus, Hordeum nodosum, Elymus canadensis, and 
Elymus condensatus, although these latter grasses are much more limited 
in their distribution and do not appear to be as common hosts for stripe 
rust as are the two first named. 
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In 1917, and again in 1922, Hordewm murinum was found to be one of 
the most common hosts for stripe rust along the Pacific Coast in southern 
California. Very seldom was any other host found infected, although 
other possible hosts often were growing in close proximity. 


EXPERIMENTAL METHODS 


The greenhouse experiments in the study of specialized varieties of 
Puccinia glumarum, as well as in the testing of wheat varieties for suscep- 
tibility to stripe rust, were carried on at Corvallis in a small wing of the 
greenhouse of the Oregon Agricultural Experiment Station. The methods 
used in greenhouse inoculations were, with certain modifications, like 
those employed by Stakman and Piemeisel (18) in their stem-rust studies. 
Every precaution was taken to guard against chance infections. 

Seedlings were used with few exceptions, and were inoculated on the 
first or primary leaf. Plate 1, A and B, shows the method of preparing 
the seedlings for inoculation and the devices used for obtaining favorable 
conditions for infection. In every case the plants in a given pot were 
divided into two groups before any inoculations were made. This was 
done usually by pulling up or cutting close to the soil those in a line 
through the center of the pot. A piece of string was then laid on the soil 
between the two groups of seedlings. One half of these were inoculated 
and the other half left as control plants. In only one or two instances 
did any infection develop on the controls, and then only on a plant 
immediately adjacent to the inoculated ones. In such cases the results 
were not considered. 

Inoculations were made by carefully transferring fresh urediniospores 
to the upper side of the leaf by means of a small scalpel. Melchers (z3) 
found that he could obtain satisfactory infection on wheat with Puccinia 
graminis tritici EK. & H. by inoculating the under side of the leaf. This 
did not prove to be the case with Puccinia glumarum tritici. Several trials 
were made by taking wheat plants of the same age and variety and inocu- 
lating part on one side of the leaf and part on the other. Only a very few 
infections resulted from the inoculations made on the under side, while 
nearly 100 per cent of those inoculated on the upper side of the leaf 
became infected. 

At first, bell jars and battery jars were used for incubation chambers. 
Later, however, shallow tubs covered with a window sash were used to 
good advantage. After inoculation, the pots were placed in a tub con- 
taining about 2 inches of water, covered, and left in this moist chamber 
for 48 hours. They then were removed to the greenhouse bench. ‘The 
various strains of the rust were kept in separate compartments in the 
greenhouse, and were isolated by means of partitions made of fine cheese- 
cloth. 

RESULTS 


Inadequate greenhouse space made it impossible to work with a 
large number of collections of stripe rust. All of those studied proved to 
be Puccinia glumarum tritici. Each infected wheat readily, rye slightly, 
barley very slightly, if at all, and oats not at all. Table I shows the 
results of inoculations made on various varieties of barley and rye with 
urediniospores from wheat. As barley has been found heavily infected 
in the field several times, it appears that there must be a distinct special- 
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ized race which infects that host. Thus far, it has not been possible to 
obtain the race for experiment from barley. 
Under “Character of Infection” the following five grades of infection 
have been used: 
o—No uredinia; flecks and dead areas sometimes present; portions 
of leaves sometimes killed or discolored (Pl. 3 and 4). 
1—Uredinia few or minute, generally surrounded by dead areas; 
portions of leaves sometimes killed or discolored (PI. 5). 
2—Uredinia normal in appearance, but few and scattered; dis- 
coloration of leaf tissues common (PI. 6, A). 
3—Uredinia normal, moderately abundant; little discoloration of 
leaf tissue (Pl. 6, B). 
4—Uredinia normal and very abundant, appearing uniformly over 
surface of inoculated leaf; no discoloration in early stages of 
infection (Pl. 6, C). 
“Br.,” in Table II, indicates that there was pronounced browning of 
the tissue around the border of the dead areas produced by the rust 
(See Pl. 3, A). 


TABLE I.—Results obtained when barley and rye varieties were inoculated with uredinio- 
spores of stripe rust from wheat 














Number of plants. 
Crop and variety. Pm a nal 
Inoculated.| Infected. 
BARLEY: 
CN asa ch hice wela'e'sv4.cencurecte th eeea sey atk 49 ° ° 
Wh OD, GU Be envic yds cn cw rage dd de daleec d tles 45 | oO | ° 
By SSR Bs Borin nns Ge icvicrasts VRS OPLN VES 36 O | ° 
Wem SROs Fi os os Bid vcdawesevenerna Liles 48 2 2 
NEG WOT «5.0 ices Canercnnewens owas cdPRy 33 ° | ° 
SE NB his anne sSsuxaenecetuaecsesces les 63 ° | ° 
IMPOR 6 Fini ie se'e'ecue Miaclewdreuaewetade tetas 48 O | ° 
Se eee aru ae PH RERRER TR & ois 34 2 2 
SR c Le Cis vuburceishesmecensccnstacelOerede 68 10 2 
RYE: 
POM ils Vedeneeeev ev becedtdarucneceadetedes 43 6 3 
I ie 6 0 oss « ve oh Hordes weorennks «an 43 12 3 











The results of various inoculations made with Puccinia glumarum 
tritict from several sources on various wild grasses and cereals to ascertain 
which were hosts for the rust are presented briefly in Table II. In some 
cases the results represent only one trial, while in other instances several 
experiments were made. Chul wheat was used in all cases. 
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TaBLe II.—Results of inoculation of urediniospores of Puccinia glumarum tritici from 
different original and immediate hosts on numerous wild grasses and cereals 





Original host. 


Immediate host. 


Plant inoculated. 


Number of 
experiments. 


Infec- | ; 
tion ob-| ,; 
tained. t 


Number of 
plants. 
Charac- 
ter of 
infec- 
tion. 


In- 
fected. 


Inocu- 
lated. 
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Original host. 
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Bromus marginatus . 
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TABLE II.—Results of inoculation of urediniospores of Puccinia glumarum tritict from 
different original and immediate hosts on numerous wild grasses and cereals—Cont’d. 
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TABLE II.—Results of inoculation of urediniospores of Puccinia glumarum tritici from 
different original and immediate hosts on numerous wild grasses and cereals—Cont’d. 


























| 
| Number of Number of | 
| experiments. plants. 
| Se ae ae, eee —| Charac 
Original host. | Immediate host. Plant inoculated. bite No | ot hi infec 
| don ob ds, | ect | liza, | 
| tained. | tained. | | 
: = : | |} |---| 
Hordeum no- | Wheat....... | Sitanion jubatum... @ lagewss 26| 24 | 4 
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The list in Table II includes 48 species of wild grasses which have 
been shown to be hosts of P. glumarum tritici. It includes 19 species of 
Bromus, 11 species of Agropyron, 7 species of Elymus, and 1 species 
each of Hystrix, Sitanion, and Phalaris. Collections have been made in 
the field on 12 additional infected grass hosts, but it has not been possible 
to determine if they were infected with the race which goes to wheat. 
These 12 species include: Agropyron inerme (Scribn. and Sm.) Rydb., 
A. dasystachyum (Hook.) Scribn., A. caninum, Bromus pacificus Shear, 
Bromus sitchensis Trin., Bromus carinatus hookerianus (Thurb.) Shear’ 
Bromus brizaeformis Fisch. and Mey., Hordeum caespitosum Scribn.; 
Hystrix californica (Boland.) Kuntze, Elymus striatus Willd., Elymus 
macouni Vasey, E. triticoides Buckl., Phalaris paradoxa L,., " Sulanion 
hystrix (Nutt.) J.G.Smith, Sitanion longifolium J. G. Smith, and Aegilops 
cylindrica Beauv. 

Only one specialized variety apparently has been used in these inocula- 
tion experiments, and this appears to be Puccinia glumarum tritice 
Erikss. & Henn. There are some indications that at least one other 
variety is present in the United States. This probably is Puccinia 
glumarum hordei Erikss. & Henn., as indicated by the fact that barley 
has been found heavily infected in a few instances, while the race com- 
monly found on wheat does not pass readily to barley. There also is 
evidence that the rust on Hordeum murinum may not be the variety 
commonly found on wheat. A discussion of these varieties is reserved 
for a later paper. 

In only one case in Table II does there occur a difference of more than 
two in the grade of infection recorded when the same host was inoculated 
with the rust taken from the different hosts. When Bromus sterilis was 
inoculated with rust spores from Hordeum jubatum the infection was 
recorded gs 1. When spores were taken from Bromus marginatus and 
from El glaucus the result was a grade of 4 in each case. There 
are two possible explanations for these results. There may have been 
two strains of Puccinia glumarum tritici involved, or it is possible that 
there were two strains of Bromus sterilis used, as the seed came from 
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n two different sources. During the course of this work there have been 
several indications that there may be strains of the specialized variety 
Puccima glumarum tritici, the same as exist in P. graminis tritici, as 
shown by Stakman and Piemeisel (78). During the course of these 
° studies evidence has accumulated indicating the possible existence of 
varieties or strains of various grasses which may react very differently 
to a given strain of the parasite. This phase of the question is under 
investigation. 





SUSCEPTIBILITY OF WHEAT vane TO PUCCINIA GLUMARUM 
RITICI 


No attempt will be made here to review the very extensive literature 

ir. upon the subject of rust resistance. Complete reviews of the subject 

from various angles have been made by Eriksson and Henning (5), 

Biffen (1, p. 40-44), Comes (3), Nilsson-Ehle (14), and, more recently, 

Henning (8). The study in Europe on the relative resistance of various 

wheats to Puccinia glumarum also has been extensive. As might have 

been foreseen, the results obtained have varied greatly, for the men 

— engaged have worked under entirely different conditions, and undoubt- 

edly with different strains of the varieties of wheat used as well as with 
of different strains of the rust. 

“ This paper summarizes the results obtained through study of a large 

number of varieties of wheat for resistance to Puccinia glumarum tritici 

ble as it occurs in western Oregon. The wheat varieties were obtained 

partly from the Office of Cereal Investigations and partly from the 


"9 Department of Farm Crops of the Oregon Agricultural College. Every 
rn, precaution has been taken to keep these varieties free from mixtures. 
wel Both greenhouse and nursery studies were carried on at Corvallis, 
wd, Oreg. In all, 337 varieties and strains of wheat were grown in the rust 
ns nursery. Only 163 of these are included in Table III. The remainder 
— were grown in only one year and therefore are not included. Ninety- 
we two varieties were studied under greenhouse conditions. Not all of the 
ops 163 varieties were sown in the nursery in each of the three seasons 
1 through which the experiments were extended. In 1918 only 72 varie- 
_ ties and strains were grown. In 1919 additional seed was obtained and 
nee 142 varieties and strains were grown. Still other varieties were added 
ner in 1920. Likewise, not all of the 92 varieties were grown in the green- 
0 house in any one season. Because of inadequate space and assistance 
cmd it was impossible to study in the greenhouse all of the varieties that were 
4 used in the rust nursery. 
1 | NURSERY EXPERIMENTS 
Vv 

In the rust nursery the varieties were all sown in rod rows. In some 
than cases replicated sowings were made; in other cases there was only one 
ated row of each variety. All varieties of which seed was available were 
was sown in the fall regardless of whether they were of winter or spring habit. 
was Under the climatic conditions prevailing at Corvallis it was found that 
and spring varieties, when sown in the autumn, survived the winter in prac- 
‘here tically as good condition as the winter varieties. In the first two years 
been such varieties as were known to be of spring habit and of which seed was 
that available were sown in duplicate rows in the spring. In 1920 all varie- 
from ties of which seed was available were sown again in duplicate rows in the 
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spring regardless of whether they were winter or spring wheats. Of 
course the winter varieties did not head when sown in the spring nursery, 
so that it was impossible to get notes on head infection. 

The methods of making inoculations in order to induce an epiphytotic 
of stripe rust in the nursery were such as seemed to offer the best condi- 
tions possible for an abundant and widespread infection. Border rows 
of Chul, one of the most susceptible varieties of wheat, were sown around 
all of the plots. These border rows were inoculated both by spraying a 
suspension of urediniospores over their entire length and by hand inocu- 
lation of individual plants at intervals in them. 

In addition to the border-row inoculations, one end of each varietal 
row was sprayed with a spore decoction and individual plants in every 
row were hand inoculated. Hand inoculations were made by smearing 
spores on the leaves with a scalpel, spraying the plants with water, and 
covering the inoculated plants with inverted flower pots for a period of 
48 hours. The quantity of infection on the border row served as a control, 
showing whether or not climatic and other conditions were favorable for 
abundant infection. 

The results of the 3-year study of the effects of such inoculations on 
163 varieties of common, club, poulard, durum, and Polish wheats, and 
emmer, spelt, and einkorn, when grown in the nursery, are shown in 
Tables III and IV. 

The method used to indicate the quantity of infection recorded in 
Table IV needs a word of explanation. It seemed to the writers that 
the usual method of estimating the quantity of rust on cereals was not 
the best for accurately indicating the quantity of stripe rust present. It 
was found that varieties differed widely in the proportion of the plants 
in the row which showed infection, as well as in the quantity of rust on 
those plants which were rusted. In other words, there was much varia- 
tion in the rapidity and extent of the spread of the rust on the different 
varieties. 

Table III shows, for each variety, the proportion of the plants which 
were rusted at the Oregon Agricultural Experiment Station in the fall 
of 1917 and the spring of 1918, expressed in percentages, and the degree 
of rustiness of these infected plants, expressed in terms of a scale ranging 
from 1 to 10. ‘The degree of infection refers to the proportion of plant 
surface covered with rust. This necessitates the recording of two 
numbers to indicate the comparative susceptibility of each variety. 
In order to reduce these figures to a single product which would express 
at a glance this comparative susceptibility, the following plan was 
devised. ‘The product of the percentage of plants infected by the degree 
of infection would give in comparative terms the average infection of 
any given variety, with a possible maximum of 1,000, where 100 per 
cent of the plants in the row were infected with a maximum degree of 10. 
This method of computation has been used to indicate infection of the 
plants when in leaf and when heading. Infection data were taken 
when about 5 leaves were out, and again when the heads were well 
out of the boot. 

As an example of the application of this method, take from Table 
III the data for Chul when grown as a winter wheat in 1917-18. The 
percentages of infected plants recorded for the first, second, and third 
replications are 80, 100, and 70, respectively, and the degrees of infection 
are 6, 6, and 3, respectively. The sum of the products of each per- 
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centage by the corresponding degree is 1,290. Dividing this sum by 
3, the number of replications, gives 430, which, therefore, is the average 
product representing the comparative susceptibility of Chul wheat, 
based on a possible maximum of 1,000 (Table IV). 

In Table III, the percentage of plants infected and the degree of infec- 
tion are shown for the 1917-18 season. The average susceptibility of 
each variety is shown in Table IV, not only for the first season, but for 
the seasons 1918-19 and 1919-20 as well. 

Evidence of the varying susceptibility, even of strains within a variety, 
is shown in the case of the White Winter variety. In Table IV are 
listed five different C. I. numbers ® of this variety. It will be noted 
that C. I. No. 5219 is somewhat susceptible, while three other strains are 
entirely immune, so far as those experiments show. The White Winter 
selection, C. I. No. 5222, which is quite susceptible, is also morphologi- 
cally distinct from the other strains. These results emphasize the state- 
ment made by Vavilov (19) that workers should be careful to designate 
the exact botanical classification of host as well as parasite. Vavilov 
suggests that pure lines are desirable in studies of varietal susceptibility. 





° Accession numbers of the Office of Cereal Investigations. 
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ADDITIONAL FIELD DATA 


In addition to the information tabulated above on susceptibility of 
varieties in the rust nursery at Corvallis, Oreg., during the three seasons, 
many valuable field notes were recorded at various times and places where 
rust infection had developed under natural conditions. 

At the Sherman County Branch Station, at Moro, Oreg., where exten- 
sive sowings of wheat varieties are made each year, there was a severe 
outbreak of stripe rust in the spring of 1919. ‘This afforded an excellent 
opportunity to obtain data on the comparative susceptibility of some of 
the leading varieties of wheat grown at that station in 1919. The follow- 
ing table shows the ratings of these varieties, using the system of grading 
explained for Tables III and IV. ‘The notes, taken just before the plants 
headed, are recorded in Table V. 


TABLE V.—Data showing the susceptibility of commercial wheat varieties to infection by 
stripe rust at the Sherman County Branch Station, Moro, Oreg., in 1919 














Varietal 

Variety. C.1I. No. | suscepti- 

bility. 
IN ig F< tans 046 dase wacycrgakweaceouerecedsucecwnnaunctnan 1558 425 
MCRL ih ny 06.0. 065, 1460 eRe ck se REREETED CUAG HRUN CH KECOR CEES 1571 410 
BEAT aha 6 KdV CER Ava eke BER KTR RR Ree eehR Ras a wakind en 1756 325 
Rte Rei COAG Kae heat cheese ean sedsecucweces es CheueTaks 2998 415 
ime 4 DER i Aadeecsebe dave conseenedseveeeenneekegueeaie 4429 390 
RAR ane sc cies 40 sie bn de's 8k bho eC ormeN Rahs See nhs eae ee 5146 525 
pon NR CERCA LT TURRET ELER AER E LE CUR CREEK EEARTELE RE 1569 560 
iia hic dee os do sirias dad iho VEC RARER Sc US Lebo Rs CAA ERAS 1437 510 
FT FO AGE Cn ORCA RRR a SE ES 2979 675 
MR ia bie. BLOGS oo SeR Dak PIM E Rd od Qe EUSA MS 2239 710 
isk anh cette) BAR Ane d-4 ron > Osh) obavaemene SO oe deen eae 1561 105 
NE hie ites SnD s AU ss mek py ehh Kd aan iaian eat 5147 355 
(tase Date Bitlet dag Se silo Sane ae Pare i eerie oe Pes 5549 250 
aed aoe RCE chin AWA Ghia eb O8d Cred Gb e Ease BeMEE TCE ee ae aes 6177 855 
SCaeMen aye oo eC bus Kas hs ee eS cokes cnhh Chekahe taaae’ 4512 630 
Goldcoin ‘(iortyisld) Pashenvectaanccde revenue daayecn mene Re woekers 4156 635 





During the season of 1919 notes were taken also on the stripe rust 
occurring on a number of wheat varieties growing at Moscow in the 
plots of the agronomy department of the University of Idaho. The notes 
were taken on June 20, when the grain was mostly headed. Apparently 
the rust was just beginning to appear at that time and, as no opportu- 
nity presented itself to inspect this grain again, it is not known that the 
figures in Table VI represent the maximum rust infection which ap- 
peared on these plots during that season. At any rate, they give some 
indication of the most susceptible varieties. 
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TABLE VI.—Data showing susceptibility of wheat varieties to — rust after heads had 
appeared, when grown in plats at the University of Idaho, Moscow, in 1919 








Varietal 
Variety. C.I. No. | suscepti- 
bility. 

Ns s5 Sol ticle Go pag at nis hina no ab 5.8.5 Ooo ke bw EOk wk Rd 4068 ° 
Challenge (Webbs Challenge White)...................eceeeeee 4683 ° 
MS Se LLG ML FES lh AES Be so BALI b0h PASNGG CRS AD dete 5868 ° 
WE IT ons shied as recmcsa cosh bo 65s bie bees Mbahe LOOKED canted 4684 ° 
REET SERRE Te ORES SSR IR ra ee UNE ee ee EO, Mote 4354 ° 
Ns 45 cn se puler deans sath ma cea eel set thee Oe Ee heaa ta 3019 ° 
MR SFiS oo cabs Sho bere eRe cee abe makes che one ee eters cae 5189 ° 
SEN UN PRA e rs ek lee wx cbse Wane eee on 4509 ° 
NS ed te ee ee eee eS 3416 50 
NII aie is ho an,e's asta sis i von ss pov a Se acpnet eee saseeee 3641 ° 
Peaween (Dawson Goldenchaif). «.....565 000 ossssncncecar seers cas 4480 Trace. 
NN oe n 5 <-5,a corn vans Rika oP nancies aeAkis athe Rake mie Gna 4220 275 
ER agi cdec avis ts< aoa tah sSH.c4s Fh RET ns 08 oRESOLS VOWS 3500 385 
hile neh ar tina ean shal Valera RIT iar aw nine ane m 3488 440 
SD ren a er ee rr art rT 4894 410 
os ER ce oe renner oo eer eee 3452 415 

~ Mc sip.ds Bias SopKE Shs oN ES eed eens Cometh Es aOES 2874 ° 
NG 555.59 Us VICES C ERO CKE DOES HE TNS CGNETTERONEIAT UR CSEESE OD 4293 ° 
Baart t (Hariy DEEDES e Dinca deny be ORO RRe veEK Che Res Ka see Ss 1697 Trace. 
ES Fo hPa as des FRG 2s RROD RAR IRD OREN G CORTE bee ote paeee 2980 ° 
NU Es oesniit oot. Stes th edtlada roe eee oe uN@ane ss onpwesen 5180 ° 
NE orn bic aaa oe mad RATT tae US hares OSE Pee hes eee 1442 ° 
RES 4 SAR pest roe eyes crits We es aa eee ae sere waka 2958 ° 
POR ek ik CC IN VAD RRR MENA Gs OC ROSSS SAAT OEE DORNER ATOM 4157 Trace. 











During the summer of 1920 there was an outbreak of stripe rust in the 
wheat classification nursery at Corvallis, Oreg. Table VII shows the 
comparative susceptibility of some of the varieties as indicated by the 
rust infection which appeared on them after the plants were all headed. 


TABLE VII.—Data showing susceptibility of wheat varieties to stripe rust when grown in 
the wheat classification nursery at Corvallis, Oreg., in 1920 


COMMON WHEATS 








Varietal 
Group and variety. C.1. No. | suscepti- 
bility. 
Hard red spring: 
LNA nea aes ani Sear lore eute oR hy 2227 5° 
ROE Te obi io ok EE HE BA TER ON 4932 ° 
DA TOUNOE 4555.5 'osis 5. GRIT RRS. BES. SU ETSINES <b 2874 ° 
Ses sigjicsvq:siace 0b 2-6. Seeienates Cheapheereierety eben 3690 ° 
I 0) e'aatan sists 5's 6.0656: el ox Vn lat ght WeRaN oak os 45 ies al 5208 ° 
MEM 66.6455 b MAS ve Kac bach se oe OER ER Eee FERRO Creare eee 5189 ° 
SREP Grain fhe erent or eee Poet 3641 ° 
SRE: Aer pene tet A a pen en ain nd Me 4324 ° 
—— NOTES See EE TERE TREC PUTT STE Tee eee 4323 400 
eT OY POEM RENEE Oy Coe rs ere ree ore 3328 ° 
iaaee POE MENIIDS 5-50 3CNendy Oh As Wind obs Soe opalbeades ty 3318 ° 
Hard red winter: 
Alton (Ghirka Winter). .............cceessccccesesceenesees 1438 
SG dadk 45 ttn. 0's 3400 veld kee oh Es veh VER OR 65 1667 
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TABLE VII.—Data showing susceptibility o 






iy of wheat varieties to stripe rust when grown 
the wheat classification nursery at Corvallis, Oreg., in 1920—Continue 


COMMON WHEATS—continued 


in 

















Group and variety. C. I. No. 

Soft red winter: 
CRN RUDE GC MOMIEN 65/555 Salva onde Gos viene euarwetepeeans 6203 
RTS McC Rois nae Cou koe Sk oo nis BESs Sekine CHMAEL RG RRO OE 3326 
CONERIS CEICUNEE CONE eS ioe cin p Sb Sod gb ae ERS ae eeuRV eee 5578 
AO NS iy ORE A: ore Gare Deter 3385 
IG it 555 pia Sas oh DRONES RG » Coan pe baat eee es 3406 
Re die hind as p's yg vd 8a dD Fee Rno kein us oeCeedcenee 3416 
NE GERRI. whos Shu sw Nils we bntslve osc Vere RrNcen es 5305 
IES fo oo.ng 5c nia KORY p sin CRS 6 once Wd « CARRERE EN 5180 
NINES 0 55054 veins oS ERG eds « Dee Reale ed A Kea pe eeeee ee 4876 
ND Fg eV avg Slag yuo a Rav cuen es eud bah oceen cobehaniie 6005 
MENUS NOUNS cibss oi usin pha b cp MNS ESEMOED pep eRe co RUR OREN 5314 
Marvest Cusem (Red Cross). .......ceccccsocsserncceceese 4882 
MG i oie AN ai go ches cundas ck apemabesnetosann 5406 
Jones Fife...... Sake wee VCRs apices eaten dna kee ECCuen 4468 
IE OT CUNT 5 0'a:s p:4'¢ 6.aib vib Deke oclbus uk corloe eae 5544 
IIE Gah Coss od crs eig cece vhey ds scaurbeeewec nts 5339 
Dy Moy cc uek CE ORD Ae eee tic hn tape men seemes sats ec esngnee ds 4823 
MMMM 512% ainige Va Ch at.cs CaAdee Oe dea uctiesd ao iige Rule wa ok) 3275 
MEDRRgV ost be nine's bakes ses Sos GRP RRCO SR NaN oem Cheb ES 3358 
I I MINS i Suns 5x5 vc avg CCacametcaneaeuadees urs 5147 
ME CRIN ire G4 e6icn 0.4 8.6 scale ol Pu ON eaw ACS Te vee 5946 
Pe a OP. pee NE Pus ole cc iNeo a aaig CoD Ee EN Narwa NCL ATE ORG 3488 
FEE CONE WNNO MMMM. 6 5.03 va cclen vicwe abi cence cess ur cobuia 5680 
Prosperity (American Bronze).............cccccccccecvcees 5380 
Red Clawson (Early Red Clawson)................00ce00eee 3393 
RE ina ectte «2 kas clos He hes Chere ueee ORR Klis 5336 
EE BI CRU ME VUI) ici b ai sa cbc cad veces cacgekoriey 4334 
Be RD CRI EID ues in 0 oo ve tv Getnn « Ch wkew veda accnson 3394 
Red May (Michigan Amber)...............cccccccsecccscce 1969 
Be EE CME o.5 ce 56 Ps dn oh 6 wise bo ewd ne HL 4854 
NG ian 6S hima vee} chavs Gets ob avec cs odneesebeen 4509 
PE PICEA Yate y clans ocd au ASR ae Raee he uaebeccee ere een 3500 
PEIN REM OUR Pc Oy o55 5 .aiiue baks eve sex v concen bee sones 5921 
PNOR TUOW. NOUROE IUD 09 isos Scien Vestceew bet ances es 3516 
INE, okt be ENING. We Dale's Ske 4,0 eC uaa ts atm aloes 5234 
MENS 5S bins sciynbino'6's 01 <WEA CE Bats Cote Re CREE EEE ee cs eee 2980 
IE Ai bs jni Sn's'0s Sa eu hand cine cay Kea Padehuannulasieesiares 5408 
PII rcsanc 8 cctkius Sabor sie cua miede o Roa eS 2907 

White: 

POOR MEMNINO BONUS 5 «Sains divers cae se cdwarese de on eeenees 4204 
MR ee ae heh cap itaeinurnnbe rc cs 6 4V oes citar 4990 
Challenge (Webbs Challenge White)....................0.. 4683 
NB 4 wn See sire Sasa e abt ox ven ceeekinaews 3342 
BN Ge Cas d's so Secaw Rating in siairoa a cate aula SOLE 4347 
I ssn atingsv's 14 63 004540 b ab Auden ceusenambrcenel 3663 
IN si sn as a0 inde aaa phn ae suep es ntuvwcgate bbe) 3390 
MC HUET 54550) bon Koss cmb weGvanwegyekeutaan teed ou va 5682 
PN inks 56th ase s'ocnve a oth destin vin iscds che akmeee Skee 5242 
RON CHINE i505 kis dbo ve 8 oR uh Soh Chhodeutods et ees: 1744 
I Di ein tde noses ovayehiukl seu ac'seewseag eons caves 2996 
Gypsum (Colorado Special). ..............cccceccuccuceees 4762 
ee SE Pe RE mee Paar etl Wine Ta uke ean tn ee 4980 
oo ge PAKS R OSes tS Ne EUS ae Eee CaeS sik pbmods ee coat eoan 4608 
MU Fick ha ACR Es 2b,s Varese He vdaaaaL bees dah ban OR LES 4337 
SE IIE. xs dicnne Obi sc sec chdbsaieneecasbier siete 6or1 
SN nas 25.10 Sancaavbageed dketvacnce Liaw ebeelinas 3481 
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TABLE VII.—Data showing susceptibility of wheat varieties to stripe rust when grown in 
the wheat classification nursery at Corvallis, Oreg., in 1920—Continued 


COMMON WHEATS—continued 





























Varietal 
Group and variety. C.I. No. | suscepti- 
bility. 
White—Continued. 
Ane EEE eE ERE E SC Seer REE Le kd 4067 5 
| PPT TT See Tee eee eee 4068 ° 
I eee ahs vias 589 68.4 0E49'4.09464554504550 e445 SRA IEEE 5868 ° 
5 ST OLETLCLUPEER ERT TLE RRTEATER REE Ce 5938 125 
Satisfaction (Smith’s Rustpfoof).............:e cece eee ees 3588 25 
LSP TT AE eR 3575 go 
PRONOUN iiss cekccdSsaseavssssccaus Viekase ba ete viewed any 6013 100 
MTD MEL EL LUTE COLTER ETL ORE LEA TE ETE Se a a 3036 ° 
ONT 60:05 6 05:5:5.6-1 5 53.094 THR TAKERE TIENT BNET AA NORA‘ 6253 200 
SUAMPINE FUVIItS TRUSTIAN), «5.60! '.s 06 ova ie see 0s 050 bie ee 'ole'es 5277 ° 
NS SER POTTUTLeC LTCC T TAT IER STE ee ras Te 2495 300 
Ly Ae eee ELE E ECT EET Ee Tce cas 3019 ° 
TEU Reece ee oe 4981 600 
| ee TTT ETS EEK RTT Gane eke ‘. 5219 ° 
CLUB WHEATS 
a erases cas spec sain s Os ie ete nine bs ts 9 Oh File BS a rele CaN 4257 ° 
MEG di S255 cs Scene esses cc sadee ee pa tyaaews tr wacereedis 5256 100 
NI cine ciniaisne-x4. <ark.oiniyie.s orscagunialeioasis season aus als cr ine 4240 200 
BRE Second GAPE pare coone a seme rirareriy > Pree ear wasrpsrare a iy 3088 150 
Teme CE a is 5h. ha RRS eine he see aera 4155 950 
PIE Or re G26 SNe en ob 'nf ON ees oR hs QO STEMI « vig neielSaes eakbey 5024 ° 
PIII OX spina d-4.0,0 kinda dem Wp wias sini nee SE Re tie Ae eek mle STN 5025 300 
ee i 955. 559: 6.0. 9:8 05 Ch CEE 8h eT EOE SEER SEES SLAASS 4511 325 
RNIN ehh 5 skits pp GROntob i ekas tartan ete sit sane l eek tend 4512 200 
REREAD fe Se eer ars Peet ee ers pee y ate te eee Te 5177 45° 
Ss he tie nbs Oo phe N ei comes vc ekieeeens Rae e eas et wate 4066 200 
en ISO Se EAS re Sh Oe ir wr arden tari USO 5874 ° 
I arc hn cok wed cet eSaee dul binee yRos He bee so x eRe 4241 150 
MISCELLANEOUS WHEATS 
Se peers en te ete rr rere Sere ee mC | 5988 ° 
IO) Sa cikscocsedenaduadihapsitocs Jorn sek cam 1494 ° 
OIE E PCE LY TET PPT eee Ree T ee TTS 2433 ° 
RI is kk 569 v's 0's'p'9-0'9's wiv oe 'se'n s vovielMberi ay BRD we 4013 ° 
ER eee er Tri Pere oe 1440 ° 
ID, Sidi ide. s win eke nip we We wiewd asda baa ities 5296 ° 
er eee ere Gey ore errr err ere 1772 ° 
VOGRRE COVEENO- WDCIINE) CUMIOT. oo vies cise dccesicienccsaeinsesiecc canis 1524 ° 
INS hy Aves ReNETEN Was CSA oe AS eEN Sew SRN SEM 2968 ° 
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GREENHOUSE EXPERIMENTS 


The greenhouse studies on susceptibility of grain varieties to stripe 
rust were carried out in a wing of the greenhouse at the Oregon Agri- 
cultural Experiment Station, at Corvallis. The methods used were the 
same as previously outlined in the investigation of specialized races. 

The results of the inoculations made in the greenhouse during the 
three seasons, 1917-18, 1918-19, and 1919-20, using 92 different varieties 
and strains of wheat, are embodied in Table VIII. The method used 


in computing data has already been explained in connection with Tables 
III and IV. 
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NURSERY AND GREENHOUSE RESULTS COMPARED 


Table IX presents a comparison of the results obtained in both the 
nursery and greenhouse with certain varieties which have proved very 
resistant in all these trials. No varieties are listed unless they were 
grown three seasons in the nursery and tested for resistance there. 


TABLE IX.—Data showing summarized results of nursery and greenhouse experiments on 
susceptibility of wheat varieties to infection by P. glumarum tritici 
































Nursery. Greenhouse, 
Variety. C. I. No. Number | Average Number | Character 
of experi- | suscepti- | of experi- | of infec- 
ments. bility. ments. tion. 

Sa Ma ie ee ee Lee ce 3297 4 3. 3 ° 
marta PEELE Le | 4758 8 12 ; 5 ° 
See eee coe | §253 6 17 a 2 
INR o2ta8 cahieb > sci hen cs yn ng | 2433 4 ° I ° 
 Sereerthaarctaetlerres iets | 3416 5 14 I ° 
Harvest Queen. 05 CR 5314 4 I 2 ° 
Haynes Bluestem.................| 2874 6 33 3 1-2 
INO a bg ceadlenidsick ++ cere sennce 2193 5 10 3 2-3 
Pane neck baht iben 6 | 5197 6| Trace. I ° 
hac vet st ss ccek ours cae ool 3081 10 | 15 4 ° 
WHHGliMON EAA 4193 6 | 6 4 ° 
Hasty Diet Piles cis sis Ceres sé | 4932 6 | 22 3 ° 
ee Na 5 <b ncn ex vcarrice ys 493 | 4509 6 | 4 2 ° 
Red Winter spelt. .. ere 1772 5 ° I I 
0 Ben FS ee | 5868 6| Trace. 5 2 
ROVE Ss ee PI. OS 4968 6 ° I I 
BOM ekoes oi Vide elagnaies | 3036 6 4 10 I 
Challenge (Webbs Challenge | 

(| SAREE tes ppipE eer re | 4683 ol. Mbdeatas tus luke eet aas 
WWIUEC NUON cs Soe Wass ca eo | 4684 6| Trace. I ° 





As shown by Tables III to IX, there has been a marked difference in 
susceptibility to stripe rust in the different varieties of wheat. Further 
study doubtless will show whether there are strains of the rust which are 
able to attack some of these varieties which have proved resistant to the 
strains which have been under observation. The difference in suscepti- 
bility to stripe rust in the various varieties of wheat which have been 
studied seems to be much more marked than in the case of either stem 
rust or leaf rust. 

Various European workers have referred to this very marked difference 
in susceptibility to P. glumarum as it appears in Europe. Henning (8) 
states in this connection, “’The economic importance of the yellow rust 
has recently, in our country (Sweden), been considered rather inferior, 
since we, in the latter part of the nineteenth century, have demonstrated 
that the different varieties of wheat show a very unlike susceptibility to 
this disease; moreover, we have succeeded in producing varieties, by 
means of crossing, which possess a marked power of resistance toward 
yellow rust. However, we have learned recently that this power of 
resistance is quite variable, so that we must give some further attention 
to this kind of rust.” 
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Comparatively few of the different varieties studied showed infection 
in the heads. This is the type of infection which is the most destructive, 
as the yield may be very materially reduced when the heads become 
infected. A discussion of this type of injury was given in one of the 
earlier papers of this series (10). It also is noteworthy that few of 
the wheat varieties which are commonly grown in the western portion 
of the United States where stripe rust is found are very susceptible to 
the rust. Exceptions to this are several of the club varieties, Early 
Baart, Jones Fife, and a few others. 

A study of the foregoing results also will show that the varieties 
which have proved more or less resistant to leaf rust and stem rust 
have not shown, in every case, a similar resistance to stripe rust. Nota- 
ble examples of this are several of the durum wheats which have been 
shown to be resistant to most strains of Puccimia graminis tritici. 
Khapli (C. I. 4013), an emmer which Hayes, Parker, and Kurtzweil (6) 
found resistant to all biologic forms of stem rust thus far isolated, is not 
especially resistant to the strains of stripe rust with which it has been 
inoculated. Jenkin and Sampson (rz) state that comparatively few of 
the wheat varieties which they tested were resistant to both black rust 
(Puccinia graminis) and yellow rust (Puccinia glumarum). 

Hiltner (9, p. 83) reports that in Germany spring wheat suffers more 
than winter wheat from the attack of P. glumarum. He also states that 
the club varieties as a class appear to be especially susceptible and that 
those varieties with broad leaves were not so often attacked by the rust. 
Von Kirchner (12) gives 20.4 per cent as the average stripe-rust infection 
on winter wheat for a number of years, while spring wheat for the same 
number of years showed only 16.2 per cent infection. Jenkin and 
Sampson (17) state that autumn varieties were found to be more sus- 
ceptible to black rust and the spring varieties to yellow rust. Schneider- 
han, in the unpublished report of the Sherman County Branch Station, 
Moro, Oreg., for 1916, reports that when certain varieties were grown as 
both spring and winter wheats, those sown in the fall developed the 
larger percentages of infection of stripe rust. 

Examination of Tables III and IV shows that leaf infection in the 
seedling stage usually was much greater in spring-sown wheat. Infection 
at heading time, on the contrary, was in most cases much greater in 
winter wheat. It seems reasonable to suppose that both seasonal and 
regional differences in climate will determine to a certain extent whether 
fall-sown or spring-sown wheat becomes more heavily infected with 
stripe rust. 

Histological studies of resistant and susceptible varieties of wheat 
attacked by stripe rust have not been made. The general external 
macroscopic evidences of resistance appear to be similar to those 
described by Stakman (17) for Puccinia graminis tritici E. and H. and 
by Parker (15) for Puccinia graminis avenae E. and H. Plates 3 to 5 
illustrate the typical effect of P. glumarum tritici upon resistant hosts. 
Large areas of killed tissue develop on the portions of the leaves inocu- 
lated, followed by the production of very few if any uredinia. Upon 
varieties which are moderately resistant, urediniospores often are pro- 
duced in abundance but no spread of the rust occurs from the parts of 
the leaf inoculated, and these portions are soon killed. 
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Parker (15) interprets purple blotches adjacent to the uredinia as 
evidence of resistance of oats to P. graminis avenae. As indicated in 
Table II and as illustrated in Plate 3, A, dark brown spots often develop 
on certain grass hosts when inoculated with urediniospores of P. 
glumarum tritict. Similar brown discoloration often appears around the 
edge of the uredinia on fairly susceptible grasses such as Bromus sterilis, 
Bromus sitchensis, and others. This type of reaction has been noted 
only on certain species of grasses. Parker (15) also found that the pro- 
duction of telia of crown rust on seedlings of oats in the greenhouse was 
an indication of resistance. Although in a few cases telia have developed 
in the greenhouse upon wheat seedlings in connection with the work 
herein reported, this has been interpreted as being due to the effect of 
certain environmental conditions upon the host rather than as a sign 
of resistance. 


SUMMARY 


Field collections of Puccinia glumarum in the western part of the 
United States have been made on wheat, barley, rye, spelt, and emmer, 
as well as on 33 wild grasses. 

It has been shown by artificial inoculation that the rust also will infect 
26 additional grass hosts. This makes a total of 59 species of wild 
grasses which are hosts for this rust as it occurs in the United States. 

The common specialized variety of stripe rust in the United States is 
the one peculiar to wheat, P. glumarum tritici Erikss. and Henn. Field 
observations indicate that the variety developing on barley, P. glumarum 
hordei E. &. H., also occurs in this country. 

The specialized variety from wheat also will infect rye moderately and 
barley slightly. Inoculation experiments have shown that this variety 
also will infect 47 wild grasses. This list includes 19 species of Bromus; 
11 species of Agropyron; 7 species of Hordeum; 7 species of Elymus, and 
one species each of Hystrix, Phalaris, and Sitanion. Stripe rust has been 
collected in the field on twelve additional grass hosts, but it has not yet 
been possible to ascertain if these also are hosts for the specialized 
variety from wheat. 

There has been some evidence that there are several strains of the 
different grass species which react differently to the same variety of the 
rust. There has been some indication also that there are two or more 
strains or specialized forms of P. glumarum tritici. 

Varieties of wheat and wheat allies to the number of 163 have been 
tested for resistance to stripe rust in a rust nursery at Corvallis, Oreg., 
where an epiphytotic of this rust was produced artificially each year for 
three years. All of these varieties were grown for two years and part of 
them for three years. The results of these experiments are presented in 
tabular form. 

Ninety-two varieties of wheat have been tested for resistance to stripe 
rust in the greenhouse. Some of these were studied three years, some of 
them in two years, and some of them in only one year. The results of 
these experiments are given in tabular form. With few exceptions the 
results of the field and greenhouse studies have agreed quite closely. 

There is a very marked difference in the susceptibility of various wheat 
varieties to stripe rust. More of the common wheat varieties appear to 
be resistant to stripe rust than are resistant to stem rust. When more 
strains of stripe rust are tried this may not continue to be the case. 
Comparatively few of these varieties which were studied became infected 
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in the head under the conditions of the experiment. Varieties which 
developed head infection were greatly reduced in yield. 

Leaf infection in the seedling stage has been more severe in spring- 
sown wheat. Leaf infection at heading time has been more severe in 
fall-sown wheat. 

Several varieties have proved very resistant to the strains of the rust 
studied. Resistance is evidenced by the development of large areas of 
killed tissue in the portions of the leaves inoculated, followed by the 
production of few or no uredinia. 

Dark brown blotches and browning around the edges of inoculated 
areas have developed upon certain grass hosts. This characteristic ap- 
pears to be specific for certain grasses and has not been considered a 
general sign of resistance. 

Telia have been formed in the greenhouse in a few cases under certain 
conditions. This was thought to be due to the conditions surrounding 
the host and was not regarded as a sign of resistance. 
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PLATE 1: 


Method of growing the wheat seedlings for study of specialized races. 

A.—Bell jar and battery jar used as incubation chambers, and pots containing wheat 
seedlings, showing method of separating the plants in each pot into two groups, one 
group being inoculated and the other used as control. 

B.—Tub covered with window sash, used as an incubation chamber. Half the 


plants in the pots were inoculated, the pot placed in the tub in about 2 inchesof water 
and the tub covered with the sash for 48 hours. 


(402) 
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PLATE 2 


Normal ei sage of uredinia of Puccinta glumarum tritici on wheat leaves. 

A.—Distal portion of a leaf of a seedling of Chul, showing abundant infection and 
production of uredinia. 

B.—Portion of an older leaf of Chul, showing very abundant infection in the form of 
a single, longitudinal stripe 

C.—Portion of a leaf of “Little Club wheat, showing abundant infection and pro- 
duction of uredinia. 





PLATE 3 


Portions of inoculated leaves showing flecks or areas of tissue injured or destroyed 
by the fungus but no permanent infection resulting. This condition represents 
grade o in the five gradations of susceptibility to infection by Puccinia glumarum 
tritici. 


A.—Portions of mature leaves of Bromus carinatus showing distinct brown blotches. 
: B.—Portions of mature leaves of Red Russian wheat showing large spots of killed 
tissue. 
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PLATE 4 


Portions of inoculated leaves showing flecks or areas of tissue injured or destroyed 
by the fungus but no permanent infection resulting. This condition represents grade 
o in the five gradations of susceptibility to infection by Puccinia glumarum tritici. 

A.—Distal portion of leaves of Barletta wheat (C. I. No. 3297). 

B.—Distal portion of leaves of Einkorn (C. I. No. 2433). 





PLATE 5 


Portions of inoculated leaves showing uredinia few or minute, usually surrounded 
by areas of dead or discolored tissue. This condition represents grade 1 in the five 
gradations of susceptibility to infection by stripe rust. 

A.—Distal portions of leaves of Sonora wheat (C. I. No. 3036). 

B.—Distal portions of leaves of Einkorn (C. I. No. 2973) 18 days after inoculation. 








‘rounded 
the five 


culation. 


Pucci 


nia glumarum and Hosts for Variety trit PLATE 5 


























t 


‘ , 
r f 

ee 

EE SSS 


(3 











Journal of Agricultural Research 


Washington, D. C 





Puccinia glumarum and Hosts for Variety tritici PLATE 6 






































Journal of Agricultural Research Washington, D. C, 




















PLATE 6 


Portions of inoculated leaves showing effects of inoculation with Puccinia glumarum 
tritici. 

A.—Distal portions of leaves of Red Winter spelt (C. I. No. 1772), showing normal 
uredinia, but few and scattered, with leaf tissue abundantly discolored. is con- 
dition represents grade 2 of the five gradations in susceptibility to infection by stripe 
rust. 

B.—Distal portions of leaves of Bromus sterilis, showing uredinia normal and 


moderately abundant, with but little discoloration of leaf tissue. This condition 
represents grade 3 of the five gradations in susceptibility to infection by stripe rust. 

C.—Distal portion of leaves of Black Winter emmer, showing uredinia normal and 
abundant, scattered uniformly over surface of leaf, with no discoloration in the early 
stages of infection. ‘This condition represents a grade of 4, or very susceptible, in 
the five gradations in susceptibility to infection by stripe rust. 





